Abstract. An active lifestyle including physical exercise and novelty processing is considered to promote brain health. Also, subjective future time perspectives (FTP) are known to shape motivation and goal-directed behavior, with links to objective health, well-being, and cognition. Nevertheless, the links between subjective FTP and brain physiology are largely unknown. We report data from 326 healthy older adults who completed the Subjective Health Horizon Questionnaire (SHH-Q) and structural magnetic resonance imaging (MRI). Voxel-based morphometry analyses revealed associations between (1) the SHH-Q Novelty factor and brain regions of the episodic memory network, and (2) the SHH-Q Body factor and regions contributing to the cortical representation of bodily states. Longitudinal and experimental data are needed to better understand the etiology of these links.
Engagement in an active and stimulating lifestyle is crucial to successful cognitive and brain aging (Düzel, Bunzeck, Guitart-Masip, & Düzel, 2010; Lindenberger, 2014; Lindenberger, Wenger, & Lövdén, 2017) . One key factor toward that end is that people are motivated to select physically or cognitively challenging life goals and to translate these goals into corresponding lifestyles (Hertzog, Kramer, Wilson, & Lindenberger, 2008) .
Prominent lifespan psychological theories have long been advanced and empirically tested to better understand how motivational focus, behavior, and future time horizons work together (Brandtstädter & Rothermund, 2002; Heckhausen, Wrosch, & Schulz, 2010) . For example, it is well established that individual differences in future time perspectives (FTP) are correlated with key outcomes in the domains of physical health, cognitive functioning, and well-being (Kozik, Hoppmann, & Gerstorf, 2014; Mather & Carstensen, 2005; Mather & Schoeke, 2011) . At the same time, we are only beginning to understand whether and how specific dimensions of people's FTP are associated with their brain functioning and integrity.
The Nature and Correlates of Dimensions of Subjective Health Horizon
The FTP is one component of personal lifetime concerned with how individuals look at their future, as opposed to their present or past (Brandtstädter & Rothermund, 2002; Brandtstädter, Rothermund, Kranz, & Kühn, 2010) . FTP can be defined as the perceptions and expectations people have with regard to their future, specifically the extent to which they perceive the future as open-ended and offering opportunities -or as being limited and closed in nature. In this context, prior work used the Future Time Perspective Scale (Carstensen & Lang, 1996) to capture individuals' global perceptions of their overall time left to live. It was found that a more extended FTP is positively related to emotion (Lang & Carstensen, 2002) , health (Kozik et al., 2014) , and social cognition (Mather & Carstensen, 2003 . In our view, a questionnaire that assesses FTP for an active and stimulating lifestyle should take into account that FTP may not form a unidimensional construct and may show different temporal extensions or limitations, e.g., an older person with a limited physical future time horizon may still be motivated for future cognitive stimulating activities that do not require bodily fitness.
Following from notions about the multidimensionality of people's FTP (e.g., Brandtstädter & Greve, 1994) , we recently developed the Subjective Health Horizon Questionnaire (SHH-Q; Düzel et al., 2016) in order to fully account for people's ability to simulate and imagine their own future, by assessing four interrelated but distinct dimensions of FTP of an active lifestyle. In order to index how long people anticipate pursuing different facets of an active lifestyle in the future, we validated a latent four-factor model of the SHH-Q by applying a confirmatory latent factor analysis resulting in four distinct but correlated facets of activity-related FTP: SHH-Q Body, tapping into expectations regarding one's future bodily fitness, SHH-Q Novelty, referring to novelty-oriented exploration in one's future as well as SHH-Q Work, encompassing aspects of occupational goals in the future, and SHH-Q Life Goals, comprising the future perspective of overall goals in life. The latter two served as reference variables. Further, we found that two of these factors, namely, SHH-Q Body and SHH-Q Novelty, showed differential associations with objective measures of physical health and episodic memory (Düzel et al., 2016) , respectively. More specifically, people who reported a wide time horizon on the SHH-Q Body dimension had a better metabolic health status. In contrast, a long FTP on the SHH-Q Novelty dimension was associated with particularly good performance in tasks tapping into the episodic memory domain.
This Study
Previous findings of individual differences in the SHH-Q Novelty and SHH-Q Body facets suggested that these FTP dimensions were uniquely associated with episodic memory performance and metabolic health status (Düzel et al., 2016) . These findings are noteworthy because they not only highlight the multidimensionality of FTP, but also emphasize the importance of FTP of two main lifestyle activities -cognitive and physical stimulation -that have been previously shown to modulate cognitive trajectories across adulthood (Rowe & Kahn, 2015) .
To illustrate, numerous studies showed that improvements in physical fitness and cognitive stimulation can ameliorate brain structure and brain function as well as enhance cognitive performance in adulthood (Lindenberger, 2014; Van Praag, Kempermann, & Gage, 2001) . As a consequence, one could expect that FTP dimensions would also relate to specific brain regions.
In the current study, we take previous research on the FTP dimensionality one step further by investigating whether certain FTP dimensions, namely, imagining oneself exploring novel environments or learning new contents (as assessed by the SHH-Q Novelty factor) and imagining oneself as being physically active (as assessed by the SHH-Q Body factor) may also relate to variations in gray matter structures in specific brain regions.
We hypothesize that the FTP for engaging in novel and cognitively stimulating activities (SHH-Q Novelty) depends on the the brain structures previously linked to episodic memory: (1) because individuals may use current episodic memory abilities as a reference point to estimate their future abilities to learn novel information (e.g., how well they orient in unknown environments or remember the names of new people); (2) because the episodic memory system may support the ability to imagine oneself in future behaviors related to exploring novel environments (e.g., learning a new language or meeting new people). Previous research suggests that components of the core episodic memory system, namely, the prefrontal cortex, the parietal cortex (e.g., posterior cingulate cortex), the medial temporal lobe (e.g., hippocampus), and the retrosplenial cortex are critical to episodic memory, that is, the ability to memorize and recall novel events, but also for the ability to imagine future scenarios (e.g., Schacter, Addis, & Buckner, 2008) . In contrast, the FTP for physical health may rely on different brain regions. Specifically, we hypothesize that engaging with novel information does not necessary require physical activity (e.g., learning a new language or reading a new book), and, in turn, physical activity is not always related to exposure to novel information and can be carried out in a familiar environment (e.g., exercise at home on a bicycle ergometer). Hence, its FTP may be more strongly rooted in current bodily health and not depend on episodic memory performance.
The current study aims to explore these differences on the neural basis in greater detail. To test our hypothesis, we make use of data obtained from a subsample of healthy older participants in the Berlin Aging Study II (BASE-II; Bertram et al., 2014) who underwent magnetic resonance imaging (MRI). We applied voxel-based morphometry analyses (VBM; Ashburner & Friston, 2000) in the MRI subsample to examine whether morphological variations in gray matter brain regions are specifically associated with SHH-Q Body and SHH-Q Novelty factors. VBM is becoming increasingly widely used as a tool to examine patterns of brain structure and change in healthy aging (e.g., Good et al., 2001 ) and neuroanatomical correlates of behavior (e.g., Maguire et al., 2003) .
Methods

Participants and Study Design
Older participants in the larger BASE-II study ranged in age from 61 to 88 years (n = 1,371; mean = 70.1; SD = 3.78; 50.9% female), and were drawn from BASE-II. Participants provided informed consent in accord with the Declaration of Helsinki. Individuals participated in two cognitive testing sessions scheduled 1 week apart and were tested in small groups (about 6 participants per group). Each session lasted about 3.5 h. A digitalized version of the SHH-Q was administered during the first cognitive session. From one session to the next, participants were asked to fill out psychosocial questionnaires related to subjective health and well-being. Eligible participants were invited to a structural brain imaging session within a mean time interval of 3.2 months after completing the cognitive testing.
From the initial MRI sample of 340 participants with MRI, we excluded 14 participants because of missing data on MRI, the SHH-Q, or the covariates. The final sample retained for the current analysis included 326 older adults (mean age = 69.7, SD = 3.9 years). Sample demographics showed a greater proportion of men (61.7%) than women (38.3%), and a mean level of years of education approaching 1 year of university (mean = 14.1, SD = 2.9 years). BASE-II participants in the MRI cohort did not differ from those who did not undergo MRI scanning in terms of age, sex, subjective health, and cognition. The Ethics Committee of the Max Planck Institute for Human Development approved the cognitive assessment, and the Ethics Committee of the German Society for Psychology (DGPs) additionally approved the MRI protocol. Participants provided written informed consent and received monetary compensation for their participation in BASE-II and the MRI study.
Measures
The Subjective Health Horizon Questionnaire (SHH-Q, Düzel et al., 2016) was administered during the first cognitive session of BASE-II (single items of the SHH-Q are listed in the Appendix 2) in a digital version, independently of other psychosocial constructs. In order to avoid confounds, other psychosocial constructs had been obtained in a take-home questionnaire that was handed out at the end of the first session. For the current study, we used two factors of the SHH-Q: The Body dimension (SHH-Q Body, e.g., "Up to which age do you believe you will be able to maintain or even increase your fitness by training?"), and the Novelty dimension (SHH-Q Novelty, e.g., "Up to which age do you feel physically and mentally able to come to grips with new technology independently?") were both assessed with 9 items. Reliabilities for the subscales were good (Cronbach's α ≥ .89). In order to assign higher SHH-Q scores to older individuals reporting a difference between estimated age and chronological age, responses to each item were adjusted by calculating the difference between individuals' actual age and their estimated future ages, and scaling by the ratio of actual age to maximum lifetime (defined as 110 years). The adjustment reflects the assumption that a time perspective of, say, 15 years expressed at age 75 (the resulting age-adjusted score would be 10.2 years) extends expected vitality into an older age than a time perspective of 15 years expressed at age 65 (the resulting age-adjusted score would be 8.8 years). All follow-up analyses are based on these age-adjusted scores, and lower scores on both scales indicate a more limited time horizon in either future lifestyle dimension.
Covariates The Future Time Perspective (FTP) Scale
We used the 10-item Future Time Perspective Scale (Carstensen & Lang, 1996) , assessed as part of the take-home psychosocial assessment questionnaire between the two cognitive sessions. Participants responded to each item (e.g., "Many opportunities await me in the future.") using a Likert scale ranging from 1 (very untrue for me) to 7 (very true for me). The scale composite consists of the unit-weighted mean across items, with lower scores indicating a more limited general future time horizon. Reliability was acceptable (Cronbach's α = .88).
Sociodemographic Variables
Participants' age was calculated for the date on which the first cognitive session took place and the psychosocial questionnaire was handed out. Sex was indexed as a dichotomous variable.
Total Intracranial Volume (TIV)
A well-known source of individual differences in total and regional brain volume is the between-person variation in head size (Mathalon, Sullivan, Rawles, & Pfefferbaum, 1993) , often measured by TIV. For example, some of the differences between the sexes in brain volume can be accounted for by differences in TIV (e.g., Whitwell, Crum, Watt, & Fox, 2001 ). We used the probabilistic tissue class images derived from CAT12 segmentation to give tissue volume estimates, with TIV simply being the sum of gray matter, white matter, and CSF voxels.
Objective Health
Physical fitness represents one's state of general muscle strength, musculoskeletal capacity, and general vitality, and has been indexed repeatedly by grip strength and forced expiratory volume (Infurna & Gerstorf, 2013) . In this study, we used continuous information on grip strength and forced expiratory volume as indicators of physical fitness. Grip strength was measured with a dynamometer (Smedley, ranging from 0 to 100 kg). Participants started with the dominant followed by the nondominant hand, and were asked "to grasp with as much force as possible." Three measurements for each hand were taken, with the highest value of each hand being selected for later analysis. Forced expiratory volume in one second (FEV1) was used as an overall indicator of lung function. We only analyzed spirometric measurements with sufficient measurement quality, fully in line with standard procedures.
Magnetic Resonance Imaging (MRI) Acquisition Scanning Procedure
The structural images were acquired on a Siemens TIM Trio 3T scanner (Erlangen, Germany) using a 32-channel head coil to increase the signalto-noise ratio to improve image quality. The T1 images were obtained using a three-dimensional T1-weighted magnetization prepared gradient-echo sequence (MPRAGE) based on the ADNI protocol (www.adni-info.org) (repetition time (TR) = 2500 ms; echo time (TE) = 4.77 ms; TI = 1100 ms, acquisition matrix = 256 × 256 × 176, flip angle = 7°; 1 × 1 × 1 mm voxel size).
VBM Preprocessing and Analyses
Structural data was processed by means of the CAT12 toolbox (http://dbm.neuro.uni-jena.de/cat12/CAT12-Manual.pdf) implemented in SPM12 (http://www.fil.ion.ucl.ac.uk/spm/software/spm12/) using the suggested preprocessing default parameters. Preprocessing steps incorporated intrasubject realignment, bias correction, segmentation, and spatial normalization. After an initial realignment of individual anatomical scans to standardized (MNI) space, the mean of the realigned images was calculated and used as reference image in a subsequent realignment. The realigned individual images were then bias-corrected to account for signal inhomogeneities. The mean image was segmented into gray matter, white matter, and cerebrospinal fluid and normalized using DARTEL. The resulting spatial normalization parameters were then applied to the segmentations of the bias-corrected individual images of both time points, which were again realigned. To allow comparison of the absolute tissue volume, voxel values were modulated using the Jacobian determinants (i.e., linear and nonlinear components) derived from the spatial normalization. Finally, the modulated gray matter images were smoothed with a Gaussian kernel of 8 mm FWHM.
Statistical analysis was carried out by means of total brain correlation of gray matter volume and two regression models containing the SHH-Q Body and SHH-Q Novelty factor scores as dependent variables separately. Age, sex, the FTP score, and the subject's TIV were entered as covariates. The resulting maps were thresholded with p < .001 and the statistical extent threshold was used to correct for multiple comparisons combined with a nonstationary smoothness correction based on permutation as proposed by Hayasaka and Nichols (2004) . This is necessary because VBM data exhibit spatially varying smoothness; we used nonstationary cluster size tests in our analysis as well as a relatively high cluster-forming threshold, p = .001, on images smoothed with a 6 mm Gaussian kernel. Nonstationary tests were carried out using Hayasaka's nonstationary toolbox for SPM (http://fmri.wfubmc.edu/cms/NS-General). The nonstationary toolbox corrects for expected variation in cluster size in nonstationary images under the null hypothesis, using statistical random field theory.
Data Analysis
Factor Scores of the SHH-Q In order to minimize Type 1 errors, we carefully selected the variables and covariates according to our hypothesis and applied rigorous data reduction by using factor analyses before conducting the VBM analyses. The individual two SHH-Q factor scores were estimated using the regression method (modal posterior estimator) in Mplus v6.1 (Muthén & Muthén, 2010) on the basis of the four-latent factor model reported in Düzel and colleagues (2016) . Next, we applied the extracted SHH-Q factor scores as independent variables in two separate wholebrain VBM multiple regression analyses of the MR sample only.
VBM -Second Level Modeling and Contrasts
We aimed to examine neuroanatomical correlates of the two SHH-Q dimensions using multiple regression analysis. The first model included the SHH-Q Body factor score, while age, sex, FTP, and TIV volume of each participant were included as covariates and thus regressed out. The second model included the SHH-Q Novelty factor score with identical covariates. Table 1 reports intercorrelations for the variables under study. Of note is that older adults reported more constrained health horizons on both SHH-Q Body (r = -.37) and SHH-Q Novelty (r = -.36) dimensions, whereas the age correlation was substantially smaller for the FTP scale (r = -.17). In addition, both SHH-Q dimensions only moderately intercorrelated with the FTP scale (r = .46, all p's < .001), suggesting that the two sets of questionnaires tap into partly different aspects of the larger measurement space. Both objective health indicators showed no association with SHH-Q Body and SHH-Q Novelty factors (all p's > .05). Grip strength was significantly associated with sex (r = .78) and total brain volume (r = .49, see Table 1 ).
Results
Demographic Information
Voxel-Based Morphometry (VBM)
The first VBM analysis investigating the association between SHH-Q Body and gray matter regions showed positive associations with voxels in the right superior frontal gyrus (BA 10; peak voxel: x = 19.5, y = 64.5, z = 16.5; p < .001), right middle frontal gyrus (BA 8 & 9; peak voxel: x = 30, y = 45, z = 13.5; p < .001), left fusiform gyrus (BA 20) and parahippocampal gyrus (BA 36; peak voxel: x = -45, y = -28.5, z = -30.0; p < .001), the left posterior Insula (BA 13; peak voxel: x = -37.5, y = -21, z = 22.5; p < .001), the left superior temporal gyrus (BA 41; peak voxel: x = -45, y = -34.5, z = 10.5; p < .001), the left superior motor area (BA 6; peak voxel: x = -16, y = -7.5, z = 73; p < .001) and the right inferior parietal lobe (BA 39; peak voxel: x = 33, y = -57, z = 46.5; p < .001). All significant clusters are corrected for multiple comparisons, cluster extent threshold k > 100.
Interestingly, the second VBM, which included the SHH-Q Novelty, revealed a significant positive association in core areas of the EM network, namely, the right superior frontal gyrus (BA 10; peak voxel: x = 30, y = 45, z = 13; p < .001), left fusiform gyrus (BA 20) and parahippocampal gyrus (BA 36; peak voxel: x = -40.5, y = -30, z = -21; p < .001), in the right retrosplenial cortex (peak voxel: x = 13.5, y = -52.5, z = 27; p < .001), the bilateral regions of the pre-and postcentral lobe (right: BA 3&4; peak voxel: x = -34.5, y = -18, z = 46.5; p < .001 / left: BA3&4; peak voxel: x = 33, y = -57, z = 46.5; p < .001) and the right inferior parietal lobe (BA 39; peak voxel: x = 33, y = -57, z = 46.5; p < .001) after controlling for FTP, age, sex, and total brain volume (Figure 1b) . Figure 1c illustrates overlapping regions detected in both analyses: superior frontal gyrus (BA 10); fusiform gyrus (BA 20); parahippocampal gyrus (BA 36); middle temporal gyrus (BA 21) and superior parietal lobe (BA 40).
Discussion
We investigated how interindividual differences in imagination of physical and cognitive stimulating future lifestyle choices are related to structural brain volume among older adults. Our findings suggest that different dimensions of an active lifestyle in one's future, as indexed by the two subscales of the SHH-Q, relate to both common and unique brain regions.
In particular, our main findings indicate that the SHH-Q Novelty dimension is associated with core brain regions of the episodic memory network, whereas the SHH-Q Body dimension is associated with the insula, a brain region that, among other functions, establishes cortical representations of physiological conditions. Such differential brain associations are striking when considering that the two SHH-Q Body and SHH-Q Novelty subscales are highly intercorrelated (see Table 1 ).
The first set of VBM findings revealed that a wider time perspective for future-oriented engagement in novel activities (SHH-Q Novelty) is associated with core components of the episodic memory network, including the right superior frontal gyrus, the left fusiform and parahippocampal gyrus, the posterior hippocampus, as well as the right retrospenial cortex. Additionally, bilateral regions of the precentral lobe clusters emerged in this model. Among other functions, findings of several functional neuroimaging studies showed that imagining the future as well as remembering the past (subjective mental time travel) requires widely distributed neural regions including the aforementioned regions such as the prefrontal cortex (Szpunar, Watson, & McDermott, 2007; Wheeler, Stuss, & Tulving, 1997) , hippocampus Hassabis, Kumaran, Vann, & Maguire, 2007) , parietal cortex (Arzy, Collette, Ionta, Fornari, & Blanke, 2009) , and retrosplenial regions (Buckner, Andrews-Hanna, & Schacter, 2008) . Interestingly, these core regions are also implicated in the novelty-processing hierarchy (Lisman, Grace, & Duzel, 2011) .
The medial temporal lobe (including hippocampus, fusiform, and parahippocampal regions) has been suggested to reflect the critical role in retrieving episodic memories of the past (Benoit & Schacter, 2015) and thus might serve as a source to evaluate past behavior related to experiences of novel lifestyle choices. Moreover, the hippocampus is crucial for the processing and consolidation of new memories (e.g., Düzel et al., 2010; Lisman & Grace, 2005) , and facilitates predictions of the future (Schacter et al., 2012) .
Additionally, imagining novelty exposure and/or exploration in the future has been shown to activate both, the hippocampus as well as the midbrain, which may be one plausible mechanism of inducing a motivational state promoting future exploratory behavior (Bulganin & Wittmann, 2015; Wittmann, Bunzeck, Dolan, & Düzel, 2007) . The role of the midbrain in novelty-related FTP needs to be further investigated.
The retrospenial cortex is a core hub within the EM network and showed a specific association with SHH-Q Novelty factor. This is an interesting finding because its reciprocal connection to the dorsolateral prefrontal cortex, parietal and occipital cortex, and hippocampus in animals suggests its role in episodic memory (Vann, Aggleton, & Maguire, 2009) . Patients with damage involving the retrospenial cortex consistently show problems in acquiring new information (Maguire et al., 2003) and selective deficits in spatial orientation.
From a clinical point of view, the association between the hippocampus, the fusiform, and parahippocampal gyrus and retrospenial cortex with the SHH-Q Novelty factor is also interesting with regard to the progression of age-related memory dysfunction into minimal cognitive impairment (MCI), a prodromal stage of Alzheimer's disease (Nestor, Fryer, Smielewski, & Hodges, 2003) . This is because both regions are among the first to show structural and functional disturbance in MCI and may also affect the extension of the SHH-Q Novelty dimension.
The second VBM analyses revealed that a more extended FTP on the SHH-Q Body dimension was associated with larger gray matter density in the left posterior insula, a region that, among other functions, establishes the cortical representation of the current physiological conditions of the entire body ("interoception"). Perceptions of the body provide a sense of one's current physical condition and also underlie mood and emotional states. The interoceptive representation of distinct and highly resolved feelings from the body include pain, temperature, itch, sensual touch, muscular and visceral sensations, vasomotor activity, hunger, and thirst, and are engendered in the anterior insular cortex, which may provide one possible reference for the subjective image of the current state of the material self (Craig, 2002 (Craig, , 2003 Di Lernia, Serino, & Riva, 2017) . These findings suggest that individual differences in the gray matter density of the insula may serve as a source for the subjective estimation of one's current bodily health status -and may thus serve as a source (among others) for the subjective estimation of FTP of being physically active. Additional significant clusters emerged within the right superior frontal gyrus, right middle frontal gyrus, and regions of the left medio-temporal lobe -brain regions that, in contrast, are known to be involved in processing subjective time and are discussed in the next paragraph (Nyberg, Kim, Habib, Levine, & Tulving, 2010) .
In both VBM analyses, gray matter density in brain regions in prefrontal areas and the medio-temporal cortex showed overlapping associations with the SHH-Q Body as well as the SHH-Q Novelty factor. Interestingly, these regions have consistently been reported in functional brain-imaging (fMRI) studies as being related to future thinking, goal planning, and the processing of subjective time Nyberg et al., 2010) . In the context of FTP, the right prefrontal cortex appears to be particularly important in the discrimination of long time intervals, consistent with the results of studies showing that damage to the prefrontal cortex impairs the discrimination of longer durations more than that of short durations (Droit-Volet, 2013) . Additionally, several patient studies suggest that individuals with damage to the prefrontal cortex have problems thinking about their continued existence (Wheeler et al., 1997) . More recently, findings suggest that this region is engaged during self-referential processing (Hassabis, Kumaran, Vann et al., 2007) as well as during imaginary scene construction (Addis, Wong, & Schacter, 2007) . These cognitive processes may also be important for establishing an overall FTP of one's own future health and cognitive performance. However, the precise function of this region in relation to future time is not yet understood.
Taken together, the first VBM analyses revealed that the perceived ability to explore novel settings in the future (SHH-Q Novelty) is associated with core components of the episodic memory system, that is known to process novelty and support the exploration of novel environments. In contrast, we found different brain regions being associated with the future perspectives regarding the ability to remain physically active (SHH-Q Body). The results demonstrate that individual differences in these two domains of FTP are variously associated with the structural integrity of specific brain regions. These findings are striking as they are in line with our previous behavioral findings showing that individuals distinguish between physical and cognitive aspects (Düzel et al., 2016) when judging different lifestyle aspects of their FTP. Figure 2 summarizes this assumption in a first tentative framework for the SHH-Q Novelty dimension, suggesting that the FTP for engaging in novel and cognitively stimulating activities may depend on the integrity of brain regions of the episodic memory system for two reasons: First, individuals may use their current episodic memory performance as a subjective reference in order to estimate of how long they will be able, e.g., to learn novel information, how well they will orient in unknown environments, or remember the names of new people. Second, the integrity of these brain networks may support the ability to imagine oneself in future behaviors related to exploring novel environments, learning a new language, or meeting new people, which has been shown in several studies Nyberg et al., 2010) .
Limitations and Outlook
The limitations of the present study are first and foremost that its results are based on cross-sectional observations that do not provide direct information about individual differences in change. In particular, longitudinal observations and experimental interventions are needed to probe the psychological mechanisms underlying the construction of FTP as well as the embedding of these mechanisms into biological and social systems of influence. Moreover, several components of this network show age-related decline in normal aging (Raz & Lindenberger, 2013; Raz & Rodrigue, 2006) , and we would like to investigate whether age-related decline in these regions might narrow the subjective experience of future time horizons for stimulating cognitive and novel activities. It will be intriguing to examine whether the neural underpinnings found here are specific to people engaging in thinking about their health in the future or whether they can also be found when people consider their present or past health and cognitive state. These longitudinal investigations are planned within BASE-II in the very near future.
In addition, the current study aimed to investigate how the SHH-Q factors are linked to the neural level resulting in selection of the same covariates as used in our initial study for the VBM analyses. Nevertheless, including other covariates such as measures of intelligence or socioeconomic status may be important to explore the strength of associations found in more detail. Regarding the strong links between subjective time horizons and age, which we took into account by age-adjusted scaling of each SHH-Q item, it would be interesting to explore which component of the SHH is more strongly related to selfperception of aging in future research.
Second, the validity of the SHH-Q Work and Life Goals subscales remains to be examined more closely in future analyses. The lack of significant associations of the Work and Life Goals subscales of the SHH-Q in a follow-up VBM analysis (see Appendix 1) requires further investigation, and the putative associations of these two subscales with socioeconomic and social factors, which were not fully explored in the present study, need to be examined in greater detail. Here, specific neuromodulatory networks such as the dopaminergic or emotion-regulatory systems may play a role; however, they cannot be fully assessed by using exploratory VBM analyses. Other MR techniques which were not part of the present study are required, but need to be applied in follow-up studies.
In follow-up analyses we intend to examine the role played by connectivity between specific brain regions as well as white matter integrity (obtained by resting state and diffusion tensor imaging). One assumption from our findings is that participants reporting a more extended FTP for novel, cognitively stimulating activities also show a higher connectivity between brain regions of the episodic memory network.
Additionally, it needs to be kept in mind that BASE-II involves a convenience sample. As a partial remedy to this limitation, BASE-II has been linked to data from the German Socio-Economic Panel (SOEP), which uses a far more representative sampling scheme than BASE-II. Systematic comparisons of BASE-II data with SOEP data allow for estimates of selection bias and offer statistical tools for bias correction. As research with the SHH-Q unfolds in the context of BASE-II and in other studies, issues of selective sampling, replicability, and generalizability need to be addressed. Moreover, a person's preference for certain future perspectives regarding an enriched and active lifestyle may be influenced by other factors and differ across cultures. A next step would be to investigate whether the four-factor model of the SHH-Q can be replicated across different cultures and how the associations found in the previous and current study change across cohorts and cultures. In collaboration with the University of Barcelona we intend to assess the SHH-Q in a Spanish sample and thus address some of the open questions in the near future.
Finally, we used VBM as one neuroimaging technique. When interpreting the results regarding its biological meaning it must be taken into consideration that it is an indirect method of measuring gray matter density. Further, different MRI techniques may uncover specific underlying mechanisms of the associations between brain regions and different factors of the SHH-Q. To gain more insight into the role of the brain regions, the next step would be to design an fMRI experiment in which participants are ask to imagine their past, present, or future selves or to respond to SHH-Q items while in the scanner. This approach would give a clear insight into the function of brain regions while shifting through different dimensions of future lifestyle activities.
Conclusions
Taken together, our results provide novel evidence about the underlying neural correlates of time perspective by taking into account the multidimensional facets and differences in individual future time profiles. The results of the present study indicate that specific brain regions known to process subjective time (Nyberg et al., 2010) are associated with two main future time facets, namely, activities related to novelty exploration, which assesses future engagement in cognitive stimulation, and bodily fitness, which relates to future physical health and fitness activities. Interestingly, the VBM results revealed differences in neural correlates of the two future time dimensions, including distinct areas for the SHH-Q Novelty and SHH-Q Body future time factor, suggesting that the scales are sensitive enough to be used in this context. These findings support our overarching assumption that people's future time horizons are shaped by a multitude of different factors, including its well-studied psychosocial characteristics, but that they also -as reported here -rely on neurobiological factors. Moreover, these findings may help in designing interventions to enhance the motivation to engage in brain-related lifestyle choices.
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